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This report is one volume of a Design Analysis Report prepared by LaRC 
on portions of the pressure shell for the National Transonic Facility, This 
report is to be used in conjunction with reports prepared under NASA 
Contract NASl-13535(c) by the Ralph M. Parsons Company (Job Number 5409-3 
dated September 1976) and Fluidyne Engineering Corporation (Job Number 1060 
dated September 1976). The volumes prepared by LaRC are listed below: 
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NASA TM X73956-1 . 

2. Finite Element Analysis of Corners #3 and #4 (9% Ni), Vol. 2, 
NASA TM X73956-2. 
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NTF DESIGN CRITERIA 
for 9% NICKEL 


GENERAL 

THE DESIGN OP THE PRESSURE SHELL REFLECT^^ ISrPRESSURE 

SATISFIES THE DESIGN ^^EQUIRE^NTS OF TH DIVISION 1 DOES NOT 

VESSEL CODE, SECTION VIII, qF ’deISS! ADDITIONAL ANALYSES 

CONTAIN RULES TO “VER ALL DETAILS OF DESI^ 

WERE PERFORMED IN AREAS BuShM , THE BULKHEAD- 

?SS°^^l“rCRING 

S8)*OF THE TUNN™ THE D^ISION 1 DESIGN^CALCU^ 

rfH^°AfDlS=L^L?sgTS\NS™ 

?5”Dfs?GN ANfLYSEfSD AfsOC°iATED CRITERIA CONSIDERED BOTH THE 
™ll^?raG AND HYDROSTATIC TEST CONDITIONS. 

^LssSSISSl Sa^ a™ 0 fERF^RMED S?iflZ?NG™lTHODf fp^HE 

^ASME CODE, SECTION VIII, DIVISION 2. 


material 

sf52fFoflol“NGs“^"?Hf>lA?lRlL“RS?EM 

IqUAL iHr BELOW IS 0»F ARE AS FOLLOWS: 


(A) PLATE, 2.0 INCHES OR THINNER 


YIELD = 85.0 KSI 
ULTIMATE =100 KSI 

(B) WELDS (AUTOMATIC AND SEMIAUTOMATIC) 

YIELD - 52.5 KSI 
ULTIMATE = 95.0 KSI 

(C) WELDS (HAND) 

YIELD = 58.5 KSI 
•ULTIMATE = 95.0 KSI 


XV 
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nFERATING. DESIGN AND TEST CONDITIONS 

THE OPERATING, DESIGN AND TEST CONDITIONS FOR THE TUNNEL PRESSURE 
SHELL^Ara ASSOCIATED SYSTEMS AND ELEMENTS ARE SUMMARIZED BELOW: 


1. OPERATING MEDIUM 

ANY MIXTURE OF AIR AND NITROGEN 


2 



DESIGN TEMPERATURE RANGE 


MINUS 320 DEGREES FAHRENHEIT TO PLUS 150 DEGREES 
FAHRENHEIT EXCEPT IN THE REGION OF THE PLENUM BULKHEADS 
and GATE VALVES INSIDE A 23-FOOT, 4-INCH DIAMETER, FOR 
WHICH THE TEMPERATURE RANGE IS MINUS 320 DEGREES 
FAHRENHEIT TO PLUS 200 DEGREES FAHRENHEIT. 


PRESSURE RANGE 


TUNNEL 

CONFIGURATION 


OPERATING DESIGN 

PRESSURE PRESSURES 

RANGE, PSIA PSID 


A. CONDITION I “ PLENUM 
ISOLATION GATES OPEN 
AND TUNNEL OPERATING: 

TUNNEL CIRCUIT - 8. 3 to 130 

EXCEPT PLENUM 


A. 8 EXTERNAL 

B. 119 INTERNAL 


PLENUM (PLENUM PRESS- 
URE IS LIMITED TO 
.4 TO 1 TIMES THE 
REMAINDER OF THE 
TUNNEL CIRCUIT 

BULKHEAD 


3.3 to 130 


A. 15 EXTERNAL 

B. 119 INTERNAL 


5 6 ( E XTERNAL TO PLENUM ) 


B. CONDITION II - PLENUM 
ISOLATION GATES OPEN 
AND TUNNEL SHUTDOWN: 

ENTIRE tunnel CIRCUIT 


8.3 to 130 A. 8 EXTERNAL 

B. 119 INTERNAL 


BULKHEAD 


0 


C. CONDITION III - PLENUM 
ISOLATION GATES AND 
ACCESS DOORS CLOSED: 

TUNNEL CIRCUIT EXCEPT L, 3 to 130 A. 8 EXTERNAL 
PLENUM B. 119 INTERNAL 

PLENUM (PLENUM OPER- 0 to 130 

ATING PRESSURE CAN 
EXCEED THE PRESSURE 
IN THE REMAINDER OF 
THE TUNNEL CIRCUIT BY 
24 PSI, BUT DOES NOT 
EXCEED THE 130 PSIA 
MAXIMUM OPERATING 
PRESSURE) 

BULKHEAD A. 25 (INTERNAL TO 

PLENUM) 

B. 119 (EXTERNAL TO 
PLENUM) FOR MINUS 
320 DEGREES 
FAHRENHEIT TO 
PLUS 150 DEGREES 
FAHRENHEIT 


A. 15 EXTERNAL 

B. 119 INTERNAL 



*C. 110.5 (EXTERNAL TO 
PLENUM) FOR PLUS 
151 DEGREES 
FAHRENHEIT TO PLUS 
200 DEGREES 
FAHRENHEIT 


OPERATING PROCEDURES LIMIT 

PRESSURES TO 

THAT, SHOWN, 

1. CONDITION IV - PLENUM 

ISOLATION GATES CLOSED 
AND ACCESS DOORS OPEN: 



TUNNEL CIRCUIT EXCEPT 
PLENUM 

8.3 to 130 

A. 8 EXTERNAL 

B. 119 INTERNAL 

- PLENUM 

14.7: 

0 , „ 

BULKHEAD 


. A. 119 (EXTERNAL TO 


PLENUM) FOR MINUS | 

320 DEGREES FAHRENHEIT | 

TO PLUS 15 0' DEGREES ' . j 

FAHRENHEIT 1 

*B. 110.5 (EXTERNAL TO 

PLENUM) FOR PLUS l5l . 
DEGREES FAHRENHEIT TO PLUS . 
200 DEGREES FAHRENHEIT | 

*OPERATING PROCEDURES LIMIT PRESSURES TO, THAT SHOWN. : | 




4. 


hydrostatic test design conditions 

THF. PRESSURE SHELL WAS DESIGNED FOR ^he’^aSME^CODE^ SECTION 
IScOrSaNC^WITH THEOTREMENTS of^ • 

100°F DURING HYDROSTATIC TESlb. 

CONDITION (1) - maximum INTERNAL PRESSURE CONDITION 

for the entire tunnel CIRCUI 

PHj^ = 1-5_(119)^+^HYDR0STATK 

condition' (2) - — 

across the plenum bulkheads 

„„ - 1 5 (119) + hydrostatic HEAD 

2 ; 178.6 + hydrostatic HEAD 


PH 


= 1.5 cm. 5 ) ^ 


2 1 22.2 

=178.5 + HYDROSTATIC HEAD 


23 . 7 V, hydrostatic HEAD 
no 0^ 


*TUNMEL “DERATION lIMITAxIOT^ ' 

differentials TEMPERATURES 

or 150°F. 


;E, EXCilSS 


nM ( maximum REVERSE . DIFEERENTI A 

ACROSS^HE PLENUM BULKHEADS 


PRESSURE cc; 




PH = 1.5 (25) = 37 . 5 PSI 

rrlq — ^ 'DU’^QQII'RTZED 

o-ur-TT STRESS rw AUJATION CRIT Em 
iSURE SHELlj, — ~ .^roTc A\rn EESIGN OF THE 


VXl 



SECTION VIII, DIVISION 1, DIRECT APPLICATION 
A. THE MAXIMUM ALLOWABLE STRESS (S) 


S = 23.7 KSI (-320°F TO +150°F) 


S = 22.2 KSI (-320°F TO +200°F) 

(B) PRIMARY BENDING PLUS PRIMA”'’ MEMBRANE STRESSES 

THE LOCAL MEMBRANE STRESSES ARE NOT GENERALLY 
CONSIDERED IN SECTION VIII, DIVISION 1 DESIGNS. 
HOWEVER, FOR THE PURPOSE OF DESIGNING LOCAL 
REINFORCEMENT AT BRACKETS, RINGS OR PENETRATIONS NOT 
COVERED BY DESIGN BASED ON STRESS ANALYSIS, THE 
LOCAL SHELL MEMBRANE STRESS SHALL BE: 

P, + P < 1 . 5 SE 
b m — 

NOTE: E IS JOINT EFFICIENCY 


SECTION VIII, DIVISION 2 


IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES 
NOT CONTAIN RULES TO COVER ALL DETAILS OF DESIGN (REF. 
U-2(g)), ADDITIONAL ANALYSES WERE PERFORMED UTILIZING THE 
GUIDELINES OF. THE ASME CODE, 

APPENDIX 4 , "DESIGN BASED ON 
STRESS CRITERIA FOR DIVISION 

4-130.1 AMD RESTATED BELOW INDICATING ANY MODIFlCATIOI 
OR EXCESS REQUIREMENTS APPLIED TO IT TO REMAIN WITHIN 
INTENT OF DIVISION 1 AND TO OBTAIN A DlVISIO’^ 


STRESS ANALYSIS.' 
2 IS REPRESENTED 


THE 


BA 




SIC 

■DTr 


NS 

X. Hu 


A. . GENERAL PRINCIPAL MEMBRANE STRr.SS 


MAXIMUM ALLOVJABLE STRESS 


S = 23.7 KSI (-320°F TO +150°F) 

S = 22.2 KSI C-320°F TO +200°F) 

MAXIMUM ALLOWABLE STRESS INTENSITY 

S = 31.7 KSI (-320°F TO +200°F) 
m ■ - 

B. PRIMARY GENERAL MEMBRANE STRESS INTENSITY 


- P < S 
m ^ m 

AND IN ORDER TO COMPLY WITH DIVISION 1, THE MAXIMUM 
PRINCIPAL MEMBRANE STRESS MUST BE: 


P^* < S • ^ 

NOTE: THE * IS USED TO DENOTE THAT MAXIMUM PRINCIPAL 

STRESSES ARE TO BE COMPUTED FOR THE GIVEN LOADING , 
CONDITION. THE INTENT IS TO DETERMINE THE STRESSES WUICN 
REPRESENT THE HOOP STRESSES AND MERIDIONAL STRESSES WillCII 
ARE THE STRESSES USED IN DIVISION 1 COMPUTATIONS. 

HTlPKODTJGIBILrrY OF THE 
■:tcTN^AT. PAGE IS POOR 


C. DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS 
INTENSITY 

NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN 

accordance with DIVISION 2, 

APPENDIX 4-112(1). THE TOTAL MERIDIONAL 
LENGTH IS CONSIDERED TO BE 1 . 0 fRT. 

D design loads , primary local membrane PLUS PRIMARY 
' bending stress INTENSITY 

E OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS 

INTENSITY 

Pl * Pj, + Q ^ 3 

F. COMMENT 

BECAUSE OF THE LOW YIELD STRENGTH EXPECTr-D Ai iHE 
Seeds AS COMPARED to the yield strength of tk . 
PT AT^^ STRESS INTENSITIES COM-^UTED IN (A), (3), 
cm OR (E) SHALL NOT EXCEED THE YIELD STOEHGTH OF 
THE ’material AT EITHER WELD OR PDATh LOCATIONS. 

A FATIGUE ANALYSIS V/AS CONDUCTED IN ACCURDr.Nwt WI-H 
SECTION VIII, DIVISION 2 WITHOUT MODIFiCAxIOi^i . 

HYDROSTATIC TEST CONDITION DESIGN CONSIDr-RAiIOnS 

A. PRESSURE SHELL 

IN ACCORDANCE WITH DIVISION I OF THE AS ME CODE, 
design ANALYSTS OF THE PRESSURE SHELL FOR iHt 
HYDROSTATIC TEST . CONDITION IS NOT REQUIRED. 

HOWEVER, IN ORDER TO PROVIDE A SATISFAClORY^_^ 
engineering design FOR THE PRESSURE SHELL iHiL 

FOLLOWING CRITERIA WAS USED: 

(a) THE MAXIMUM GENERAL MEMBRANE STRESS 
PERPENDICULAR TO A WELD LINE WAS 

LIMITED TO THE LESSER OF: 

p A <0.8 weld yield STRESS 
m — 

OR ^ ^ 

p * <0.5 WELD ULTIMATE STRESS . 

m — 


IX 


(b) THE GENERAL PRINCIPAL MEMBRANE STRESS IN THE 

PLATE (NOT AT A WELD) WAS LIMITED TO THE LESSER 
OF: 

P * < 0.8 PLATE YIELD STRESS 
m — 

P * < 0.5 PLATE ULTIMATE STRESS 
m — 

(*) THE STRESSES SATISFYING THIS CRITERIA ARE 
BASED ON MAXIMUM MEMBRANE STRESSES 
RATHER THAN INTENSITY CRITERIA. 
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